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NON-INVASIVE CAPACITIVELY COUPLED 
ELECTRICAL STIMULATION DEVICE FOR 
TREATMENT OF SOFT TISSUE WOUNDS 

FIELD OF THE INVENTION 
[0001] The present invention relates to wound treatment and more 
particularly to a method and device for promoting healing of soft tissue wounds. 

BACKGROUND OF THE INVENTION 

[0002] Chronic wounds, such as pressure ulcers, venous ulcers and 
diabetic ulcers, are significant public health concerns. Within the United States, 
the annual incidence of such chronic wounds is greater than 7 million. Further, 
the incidence of these chronic wounds increases as much as 14% per year. This 
is particularly true for diabetic ulcers, which afflict about 15% of the 16 million 
diabetics in the United States. Each year, approximately 85,000 lower-extremity 
amputations are performed as a result of treatment failure of diabetic ulcers. 
Such chronic wounds occur in approximately 31% of diabetic patients and take 
up to 20 weeks to heal. The incidences of venous and pressure ulcers within the 
United States are estimated to be 1 .3 million and 3 million, respectively, with an 
annual growth rate of about 6%. 

[0003] Wound healing involves a series of interrelated events including 
coagulation, inflammation, deposition and differentiation of extracellular matrix, 
fibroplasia, epithelialization, contraction and remodeling. There are slight 
differences in the healing process depending on the type of wound. For 
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example, the healing of a chronic pressure ulcer mainly involves deposition of 
extracellular matrix and contraction. However, a partial-thickness burn wound 
primarily heals through epithelialization. On the other hand, the healing of 
diabetic ulcers can be further complicated by other diabetic issues such as 
neuropathy, poor circulation and decreased response to infection. 

[0004] Presently, chronic wound patients are faced with a lack of 
effective treatment options and a high cost of care. Currently available treatment 
methods for the type of wounds described above include various types of 
dressings, debridement/irrigation, pressure relieving devices, ultrasound, 
whirlpool/pulsed lavage, ultraviolet, pulsed frequency radiation, low-energy laser, 
hyperbaric or topically applied oxygen, cytokine growth factors, antibiotics and 
topical and systemic drugs. Research has also been centered on developing 
surgical glues, sealants and dressing, artificial skin and growth factors such as 
transforming growth factors (TGF-(3), fibroblast growth factor (aFGF and bFGF), 
platelet-derived growth factor (PDGF), epidermal growth factor (EGF), insulin-like 
growth factors (IGF-I and IGF-II) and interleukins (IL-1 and IL-2). Other research 
has focused on reducing the pressure on the soft tissue by designing a variety of 
wheelchair cushions, pads, shoes, mattresses and beds to distribute the 
pressure more evenly over the body. Unfortunately, even with the best available 
wound care procedures, chronic wounds tend to heal very slowly, not heal at all, 
or even worsen. 

[0005] An alternative approach to wound healing is the implementation 
of electrical stimulation. The rationale for using electrical stimulation is based on 
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the fact that the human body has endogenous bioelectric systems that promote 
wound healing. However, when the body's endogenous bioelectric system is 
inadequate, external electrical stimulation can be used to supplement the natural 
bioelectric currents or electric fields for enabling or enhancing wound healing. 

[0006] The exact mechanism by which capacitively coupled electrical 
stimulation enhances wound healing is not completely understood. However, it 
has been found that the biochemical pathway mediating cell response to 
capacitively coupled electrical stimulation involves the opening of voltage-gated 
calcium channels that allow a flow of calcium ions into the cell. The subsequent 
increase in intracellular calcium levels triggers the activation of a host of signal 
tranduction pathways. These processes include activation of calmodulin and 
release of several second messenger molecules, such as cyclic adenosine 
monophosphate (c-AMP) and prostaglandin E 2 . These molecules activate 
specific protein kinases including c-AMP-dependent protein kinase, calcium- 
calmodulin dependent protein kinase and protein kinase-C, which results in 
increased cell proliferation. Further, capacitively coupled electrical stimulation 
also promotes local growth factor synthesis, such as transforming growth factor- 
beta 1 (TGF-fr) by the calcium-calmodulin pathway, and can affect different 
types of growth factor receptors. The growth factor receptors have integrated 
tyrosine kinase activities, which can activate several intracellular proteins 
involved in cell proliferation. 

[0007] There are several disadvantages associated with prior art 
methods of electrical stimulation for wound healing. One disadvantage is that 
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many prior art methods require placement of one or perhaps two electrodes 
directly on the soft tissue wound. Such placement increases the probability of 
bacterial contamination, thereby complicating wound healing and further, acid or 
base build-up on the electrodes can adversely effect healing in the wound area. 
Other prior art devices and methods are inconvenient or difficult to employ as a 
result of their bulk or complexity. For example, several prior art devices require 
the implementation of several electrodes, whereby one electrode is applied 
directly over the wound area or immersed in a saline solution containing the body 
part with the wound and at least one other electrode is positioned on the patient 
as far away from the wound as possible. This makes extended treatment periods 
uncomfortable for the patient, as well as, prohibiting free travel of the patient. 

[0008] Thus, it is desirable to provide an improved electrical stimulation 
method for promoting wound healing of soft tissue wounds, such as venous, 
diabetic and pressure ulcers. The method should treat the wound area without 
actual contact with the wound to reduce the probability of bacterial infection. 
Further, the method should be simple and inexpensive while effectively treating 
soft tissue wounds. 

SUMMARY OF THE INVENTION 
[0009] Accordingly, the present invention provides a method for 
treating a soft tissue wound. The method includes the steps of providing a signal 
generator in electrical communication with first and second electrodes, disposing 
the first and second electrodes non-invasively on a skin surface on opposing 
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sides of the soft tissue wound and applying an electric field in the soft tissue 
wound by generating a voltage signal at a frequency within a range of 20 to 100 
kHz and having a symmetrical waveform with an amplitude within a range of 0.1 
to 20 volts peak to peak through the first and second electrodes. 

[0010] In accordance with a preferred embodiment of the present 
invention, the signal is generated as an AC signal, being a symmetrical sine 
wave at 60 kHz and an amplitude of about 5 volts peak to peak. 

[0011] In accordance with an alternative embodiment of the present 
invention, the signal is generated as a bipolar DC signal having a symmetrical 
step waveform at a frequency of 60 kHz and an amplitude of about 5 volts peak 
to peak. 

[0012] In accordance with yet another alternative embodiment of the 
present invention, the signal is generated as a bipolar DC signal having a 
triangular waveform at a frequency of 60 kHz and an amplitude of about 5 volts 
peak to peak. 

[0013] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limited the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0015] Figure 1A is a schematic view of a lower body extremity having 
a soft tissue wound thereon and implementing a treatment method in accordance 
with the principles of the present invention; 

[0016] Figure 1 B is a plan view of a base of a foot having a soft tissue 
wound thereon and implementing a treatment method in accordance with the 
principles of the present invention; 

[0017] Figure 2 is a schematic view of an electric field generated by an 
electrode pair disposed on opposing sides of the soft tissue wound; 

[0018] Figure 3A is a schematic view of a second embodiment of 
electrode placement about the soft tissue wound; 

[0019] Figure 3B is a schematic view of a third embodiment of 
electrode placement about the soft tissue wound; 

[0020] Figure 3C is a schematic view of a fourth embodiment of 
electrode placement about the soft tissue wound; 

[0021] Figure 4A is a schematic view of a second embodiment of an 
electrode design; 

[0022] Figure 4B is a schematic view of a third embodiment of an 
electrode design; 

[0023] Figure 4C is a schematic view of a fourth embodiment of an 
electrode design; 
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[0024] Figure 5A is a graphical representation of a voltage signal 
generated by as an AC signal having a symmetric sine waveform; 

[0025] Figure 5B is a graphical representation of a bipolar DC signal 
generated as a DC signal having a symmetric step waveform; and 

[0026] Figure 5C is a graphical representation of a bipolar DC signal 
generated as a DC signal having a triangular waveform. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0028] With particular reference to Figures 1A, 1B and 2, a lower body 
extremity 10, in this example a foot, includes a soft tissue wound 12, such as, but 
not limited to a venous ulcer, a pressure ulcer or a diabetic ulcer. First and 
second electrodes 14,16 are operably attached to a skin surface 18 on opposing 
sides of the soft tissue wound 12 for creating a capacitive coupling therebetween. 
While the present discussion is directed toward the first and second electrodes 
14,16, it is anticipated that more electrodes may be implemented. The first and 
second electrodes 14,16 are non-invasively attached to the skin surface 18, 
whereby neither electrode 14,16 is in direct contact with the soft tissue wound 12. 
Further, especially in diabetic cases, the first and second electrodes 14,16 are 
preferably not disposed on pressure points (e.g. heel, ball of foot, etc.). The first 
and second electrodes 14,16 are in electrical communication with a signal 
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generator 20 that generates a voltage signal therebetween. In this manner, the 
soft tissue wound 12 is immersed in an electric field 22. In accordance with the 
present invention, the electric field 22 is generated through application of a 
voltage at a frequency within a range of 20 to 100 kHz and having symmetrical 
waveform with an amplitude in the range of 0.1 to 20 volts peak to peak. 

[0029] In accordance with the requirements of a particular treatment 
ideology, the electric field 22 may be intermittently generated or continuously 
generated until full healing of the soft tissue wound 12 occurs. For example, the 
electric field 22 could be intermittently generated for several hours a day for 
several days per week until healing of the soft tissue wound 12 occurs. 
Alternatively, the electric field 22 can be applied for 24 hours per day, 7 days per 
week until healing of the soft tissue wound 12 occurs, with stoppage for changing 
batteries in the signal generator 20, bathing, or repositioning the first and second 
electrodes 14,16 about the soft tissue wound 12. 

[0030] The signal generator 20 is preferably compact, being easily 
portable. For example, it is preferred that the signal generator 20 be sufficiently 
compact, thereby being easily carried by a patient, such as on a belt, in a pocket 
or by other appropriate means. It is also anticipated that an adherent conducting 
layer (not shown) is incorporated into a surface of the first and second electrodes 
14,16 to maintain good conducting relation and allowing easy adherence and 
removal of the electrodes 14,16 to/from the skin surface 18. Further, it is 
anticipated that a tape or bandage 26 can be placed about the first and second 
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electrodes 14,16 to further assist in maintaining correct placement of the first and 
second electrodes 14,16. 

[0031] As shown in Figure 2, in a first embodiment, the first and second 
electrodes 14,16 are directly disposed on opposite sides of the width of the soft 
tissue wound 12. With reference to Figures 3A through 3C, second, third and 
fourth embodiments for placement of the first and second electrodes 14,16 are 
respectively shown. In accordance with the second and third embodiments, the 
first and second electrodes 14,16 are diagonally disposed on opposite sides of 
the soft tissue wound 12 (see Figures 3A and 3B). In accordance with the fourth 
embodiment, the first and second electrodes 14,16 are directly disposed on 
opposite sides of the length of the soft tissue wound 12 (see Figure 3C). In this 
manner, the electric field 22 flows through the soft tissue wound 12 at varying 
angles, thereby enabling all aroung emersion of the soft tissue wound 12 in the 
electric field 22. 

[0032] In accordance with a first preferred embodiment, the first and 
second electrodes generally are circular in shape. With reference to Figures 4A 
through 4C, second, third and fourth embodiments of designs for the first and 
second electrodes 14,16 are respectively shown. In accordance with the second 
preferred embodiment, the first and/or second electrode 14,16 may be generally 
square in shape. In accordance with the third preferred embodiment, the first 
and/or second electrode 14,16 may be of a generally rectangular shape. In 
accordance with the fourth preferred embodiment, the first and/or second 
electrode 14,16 may be provided as having a U-shape. In general, the design of 



9 



Docket No. 5490E-000249 

the first and second electrodes 14,16 enables manipulation of the electric field 
22. For example, varying the electrode design enables concentration of the 
electric field 22 in a particular direction or alters the breadth of the electric field 
22. Further, it will be appreciated that the first and second electrodes 14,16 are 
not required to be of the same design and a mix of electrode designs may be 
implemented. 

[0033] Generally, the present method provides the steps of providing 
the signal generator 20 in electrical communication with the first and second 
electrodes 14,16, disposing the first and second electrodes 14,16 non-invasively 
on the skin surface 18 on opposing sides of the soft tissue wound 12 and 
applying the electric field 22 through the soft tissue wound 12 by generating a 
voltage at a frequency within a range of 20 to 100 kHz and having a symmetrical 
waveform with an amplitude within a range of 0.1 to 20 volts peak to peak. 

[0034] With reference to Figures 5A through 5C, alternative 
embodiments of the applied voltage will be described in detail. In accordance 
with the first preferred embodiment, the signal generator 20 generates an 
alternating current (AC) to impart a voltage having a sinusoidal waveform. The 
voltage is symmetrical about a 0V axis and is generated within a frequency range 
of 20 to 100 kHz. Preferably, however, the voltage is generated at a frequency of 
60 kHz. Further, the voltage includes a constant amplitude within a range of 0.1 
to 20 volts peak to peak, and preferably about 5 volts peak to peak. 

[0035] In accordance with the second preferred embodiment, the signal 
generator 20 generates a bipolar voltage having a symmetrical step waveform. 
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The voltage is symmetrical about a OV axis and is generated within a frequency 
range of 20 to 100 kHz. Preferably, however, the voltage is generated at a 
frequency of 60 kHz. Further, the voltage includes a constant step amplitude 
within a range of 0.1 to 20 volts peak to peak, and preferably about 5 volts peak 
to peak. 

[0036] In accordance with the third preferred embodiment, the signal 
generator 20 generates a bipolar voltage having a triangular waveform. The 
voltage is symmetrical about a 0V axis and is generated within a frequency range 
of 20 to 1 00 kHz. Preferably, however, the voltage is generated at a frequency of 
60 kHz. Further, the voltage includes a constant amplitude within a range of 0.1 
to 20 volts peak to peak, and preferably about 5 volts peak to peak. 

[0037] As detailed herein, the present invention provides several 
significant advantages. Initially, the present invention enables improved healing 
of soft tissue wounds through capacitively coupled electric stimulation. This is 
achieved with reduced treatment time and little discomfort to the patient. Further, 
non-invasive coupling of the electrodes to the skin surface reduces the risk of 
added bacterial infection. Finally, the present invention provides a simple, cost- 
effective soft wound treatment method, thereby significantly reducing the overall 
costs of patient treatment within the industry. Thus, the apparatus and method of 
the present invention are advantageous over prior art wound healing 
apparatuses and methods, such as those requiring invasive contact of electrodes 
or are bulkier, thereby limiting mobility of a patient during treatment. 
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[0038] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention. 



12 



